Recently interesting data on dN ch /dη in Au-Au collisions (η = − ln tan(θ/2)) with the centrality cuts have been reported by PHOBOS Collaboration. Their data are usually divided by the number of participants (nucleons) in collisions. Instead of this way, using the total multiplicity N ch = (dN ch /dη)dη, we find that there is scaling phenomenon among (N ch ) −1 dN ch /dη = dn/dη with different centrality cuts at √ sNN = 130 GeV. To explain this scaling behavior of dn/dη, we consider the stochastic approach named the Ornstein-Uhlenbeck process with two sources. The Langevin equation is adopted for the explanation. Moreover, comparisons of dn/dη at √ sNN = 130 GeV with that at √ sNN = 200 GeV have been made. No significant difference has been found. Possible detection method of the quark-gluon plasma (QGP) through dN ch /dη is presented.
§1. Introduction
Recently PHOBOS Collaboration has published interesting data on dN ch /dη (η = − ln tan(θ/2)) * ) in Au-Au collisions at √ s NN = 130 GeV 1) . The authors of Ref. 1) have calculated the following quantity, 1 N part /2 dN ch dη = f ( N part , N coll , η) , (1 . 1) where N part and N coll mean the number of participants (nucleons) and number of collision particles in Au-Au collisions. It depends on the centrality cuts. The function f (N part , N coll , η = 0) is an increasing function of N part , as N part increases. In this paper, instead of Eq. (1 . 1), we consider the following physical quantity, where N ch = (dN ch /dη)dη, and (dn/dη)dη = 1. In Fig. 1 , three sets of dn/dη's are shown. They suggest that there is the scaling behavior among dn/dη's with different centrality cuts. Thus dn/dη is named a kind of the probability density, because the variable η is the continuous variable. This fact probably implies that the stochastic approach is available in analyses of dn/dη * ) * * ) Contents of the present paper are as follows. In the second section, we examine the dn/dη scaling. In §3, the stochastic approach is considered, as one of possible explanations for the dn/dη scaling. In §4, concrete analyses by the Gaussian distributions obtained from the Ornstein-Uhlenbeck(O-U) process are presented. In the final section, concluding remarks are given. §2. Confirmation of dn/dη scaling It is worth while to confirm whether dn/dη scaling holds. Using the intercepts of dn/dη at η = 0 in Fig. 1 ,
we can obtain a relation between N ch and N part as follows: The PHOBOS Collaboration has reported the following behaviors at η = 0,
where A = 2.16, and α = 0.064. Thus we obtain the following relation,
3) is examined in Table I 
where z, µ, D, γ are KNO scaling variable, 1 − γ = 1/µ, a parameter, the anomalous dimension in QCD, respectively. This is a steady solution of the following Fokker-Planck Equation It is well known that the rapidity (y ≈ η) is a kind of the velocity. Moreover, there are leading particles in the beam and target nuclei in collisions; nucleons in gold at RHIC experiments, collide each other, lose their energies and emit various particles. Since we have to treat large number of particles, 1k∼10k, the stochastic approach seems to be one of useful tools.
To describe the dn/dη scaling with the leading particle effect and the fluctuation in the rapidity space, we assume the following Langevin equation 6) -8) for the rapidity 
where γ and f w (t) are the frictional coefficient and the white noise, respectively. In our treatment, that N ch particles have been produced at ±y max at t = 0 is assumed, moreover. This picture is corresponding to the leading particle effects. Using this assumption y(0) = ±y max , we obtain the following solution
The average quantity and the variance are calculated as
3) 
where v is the velocity.
where we use the expression for the white noise,
where σ 2 is the variance. It is known that the distribution function is described by the Gaussian distribution with the average quantity and the variance: The probability density with V 2 (t) = (σ 2 /2γ)(1 − e −2γt ) is expressed as
The connection between Eq. (3 . 1) and the Fokker-Planck equation for the O-U process is given in Appendix. In Fig. 3(a) , we depict a simplified picture of heavy-ion collision. Our assumptions for the leading particle effect is equivalent to the assumption 0.5 × δ(y − y max ) and 0.5 × δ(y + y max ) at t = 0. In other words, as this model with two sources is very simple, 0.5 × N ch particles at y max and the same 0.5 × N ch particles at −y max have produced at t = 0. The evolution of Eq. (3 . 6) is shown in Fig. 3(b By making use of Eq. (3 . 6), we can analyse dn/dη shown in Fig. 1 . In our calculation, as most of produced particles are not specified, we assume that y ≈ η in Eq. (3 . 6). Our results are shown in Fig. 4 and Table II . In Fig. 5 , we examine whether or not the variance V 2 (t) and p = 1 − e −2γt depend on the centrality cuts. As is seen in Figs. 3 and 4 , the scaling behavior among dn/dη's at √ s NN = 130 GeV is explained by Eq. (3 . 6) with small changes in the variance V 2 (t). The values of the variance V 2 (t) depend on the distribution in the fragmentation region [−η max < η < −4 and 4 < η < η max ]. It can be said that the scaling behavior is explained fairly well by the O-U process with two sources at the beam (y B or y max ) and target (y T or −y max ) rapidities. Of course, we have examined that the single source cannot explain it * ) . Fig. 4 and Table II .
The intercepts of dn/dη's are calculated by the following expression,
The results are shown in Table II . They are almost the same as values in Fig. 1 .
Here we should carefully examine V (t) in Table II . The slight change is reflecting the discrepancies in the fragmentation region. As is seen in Fig. 1(c) , there are small differences in dn/dη's over the range |η| > ∼ 4 between centrality cut 0-6% and others. To explore the differences more carefully, we need dn/dη with smaller centrality cuts, 0-3% ∼ 0-5% * ) * * ) . §5. Concluding remarks First of all, it can be said that there is the scaling among dn/dη's with various centrality cuts at √ s NN = 130 GeV, because of constant c's values and behaviour of Fig. 1(a) ∼(c). Second the scaling behavior of dn/dη is described by the solution of the Langevin equation with two sources, i.e., Eq. (3 . 6) * * * ) . See Fig. 4 and c's values in Table II Moreover, we can add the following fact. Very recently, PHOBOS Collaboration has reported the data on dN ch /dη with centrality cut 0-6% at √ s NN = 200 GeV 14) .
They are compared with dn/dη at √ s NN = 130 GeV in Fig. 6 . It is obvious that the scaling on dn/dη holds between √ s NN = 130 GeV and 200 GeV * ) .
This suggests that dn/dη with the centrality cut 0-6% do not show singular /or particular phenomenon relating to signatures of the Quark-Gluon Plasma (QGP). Of course, we should pay our attention that we are handling the averaged quantity in statistics. At present, however, it is difficult to conclude that the QGP is created, and the signatures from the QGP are washed out by the strong interactions between hadrons, if the QGP is created. To investigate the particular phenomena like the turbulence and/or deflagration in dN ch /dη, we need to analyse the single event with smaller centrality cut than 0-6%.
Moreover, analyses of event-by-event by means of the intermittency 16) -21) and the wavelet 22) is necessary to investigate the detections of the QGP and the Disoriented Chiral Condensate(DCC). For the latter case, the ratio of neutral pion ( π 0 )to the charged pions ( π ch ), π 0 / π ch should be measured. These methods should be applied to dN ch /dη with smaller centrality cuts and larger particles. They seem to be available to draw useful information on the QGP and DCC from the analyses of single events. * ) Using the Bjorken's picture 15) for the calculation of energy density near |∆η| ≤ 0.5 with the geometrical picture of the gold (Rτ ≈ 6-7 fm, cτ0 ≈ 1-2 fm, V ≈ πR 2 T (cτ0) ≈ 300 fm 3 ), we obtain the following values where we use a resolution method for partial differential equation 23) . The solution of Eq. (A . 1) with δ(y ± y max ) at t = 0 is obtained as P (y, y max , t) = 1 8πV 2 (t) exp − (y + y max e −γt ) 2 2V 2 (t) + exp − (y − y max e −γt ) 2 2V 2 (t) .
(A . 3)
